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Top Quark :_:Pr'ocesses at the Upgraded Tevatron
to Probe New Physics

J. M. Yang
Datta., Mosch, L7, Oakes, Whisnant, Young , Z2haryg

¥ SINGLE TOP QUARK PRODUCTION

1) MOPEL- INDEPENDENT ANALYS$IS FOR SINGLE TOP
QUARK PRODUCTION.

A) CP - CONSERVING

8) CP - VIOLATING

2) SUSY
A) R- PARITY CONSERVING

B) R-PARITY VIOLATING

* EXOTIC DECAYS
a) t—CcX x=9,%, 2, h

b) ‘t — %l &'lo
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B(t — £,x0) versus My for the signal to be observable at Run 2 under the criteria § > 5v/B.
The region above the curve is the observable region.

(asp) ¥n.
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Parameters of Future Colliders

Energy (TeV/c?) 1.8 2.0 2.0 14.0

L (em~2s~1) IXUP 2x 103 10% 104
JL(fbY 0.11 20 300  10.0
< iy > 2. 2 9 20
a(tt) (pb) 4.7-55 T.0-T.T TOTT 800
a(th) (pb) 2.5 3.7 3.7 400
dilepton ~6 ~ 160 ~ 2500 ~ 30k

I+ > 3jets (> 1tag) ~25 ~ 1400 ~ 20k ~ 400k
I+ > djets (2 tags) ~3 ~G600 ~9k ~ 2004k




Muon-muon Collidier

e Sharper beam energy profile - rﬁonochrbmaticity of the beams will
prove critically important for some of the physics that can be done
at a utu~ collider.

- Gaussian in shape.
- RMS spread R naturally in range 0.04%-0.08%.
- Additional cooling can yield 0.01%.

R, =001-0.1% i
R, ~ 1% ee

Then the rms deviation in the center-of-mass energy is

-0 en) () ()

— Beamstrahlung (Bremsstrahlung from beam particles in the EM
field of the opposing beam) is reduced.

e Initial State Radiation (ISR)

= possibly more precise measurements of thresh-
olds
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RATA

NLC Center of mass energy distribution
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Convolute the single energy beam spreads of
both beams



RATA

N

Top Production.cross section

a) Theoretical cross section

b)Initial state radiation (ISR)

¢)ISR + beamstrahlung

d)ISR beamstrahlung and beam energy
spread
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E + 2m, {GeV]

{_._é +V(r) - (E+ 59)] G(x; E) = 5(x)

my 2

where I'g is the (running) toponium width, and E = /5 — 2m,.

Oy =

9672 { 160,
9 1-—
S

22 [(QuQu+ veun)? + (6]
XIm G(x = 0; E = /s — 2m,)
where x = s/(s — M2).
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Initial State Radiation (ISR)

Convolute Radiator Function

where

¢ ISR reduces the size of the cross section at the threshold.

e ISR is reduced for muons.
Bremsstrahlung Tail Speetrum
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Dependence on the strong coupling as(My)

0.8

06+

02|

0.0 - : : -
335 345 355

e Larger a, = tighter binding

e Larger a; = larger cross section
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Dependence on my,
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o Higgs mass
e Yukawa coupling
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Top quark width

0.8

o [pb]

0.0 :
335 345 355

22



10 point scan

0.8

m, = 174.6 - 175.4 GeV

o [pb]

335 345 355

e Can’t measure all undetermined variables at a single energy
e Scan can be optimized

e 10 fb~! at 10 pts.

 Nominal values: m; = 175 GeV, a,(Mz) = 0.120
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e Am, ~ 70 MeV, Aa, ~ 0.0015

e Theoretical ambiguity in the pole mass ~ Agep
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THEORETICAL UANCERTAIN TIES

* DEFINITION OF THE pPoL€ MmASS

Ay ~ Agep (M Saab)



The Top Buark Mass ard the Threshold

Martin C. Smith

— truncotion

— Scale dependence

— power corrections, condensades, e+tc,

- V, Mpole Gre not 'bhe.anetrco\lla wel - degtned

begyond pertarbodion theory. Defrnokion reltes
on seperakion of quarks at r—» of.

—  Secole dependence s reduced uhen M (p) TS

substituted for Mpsle T calowlakion of
phms‘ccn.\ quentities,



STATUS OF NNLD CALCULATIONS
heplph - Q704 325 Hoans
PRD 56 (t9a7) 585l

® Replace Po-f:enf:rad models with NRGECP
* NRACD allows far systemakic codeuwlate
calewlokton of NNLO egects

O (ds*Ce?)

Calculatton Hoong 4-7 %
O (ds* G 1) } J 7

O (dsCaCe)

wn iorepam:k?on HQM\?’ Teubner
O (dsCe TUp) |

Mom dependent width
—> t,t not decayimy fwee,(J

—> vust ke ‘cnves-erﬁodted to geb gl
NNLO efects,
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Top Z.oop Corrections to +t
Produ\cti‘on at H:gher Energtes

Andre H. H oang

)) Calcwlavion of Iterms (%@)“ n=>)

2) Complete analytic calculation of
Speetg e draﬂh&.ms

3) Pad€ — approximakion
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Flavor Changing
Neutral Currents

_ at
utu— colliders

D. Atwood, L. Reina, A. Soni

PRL 75, 3800 (1995)
PRD 55, 3156 (1997) (review)

this workshop




| REINA |
THE MODEL
Two Higgs Doublet Model: Model 11t

Yukawa L.agrangian

Cg I = ngQi,L&Uj,n +nPQir61D; R

+ ggQi,L@U R+ 65?05, 192D r + h.c

Discrete Symmetry — No FCNC:
Model I and II (Glashow and Weinberg, 1977)

¢1—+—¢1 and $2 = ¢
D; - —D; and U; = FU;

If we dO NOt enforce it, and choose

(p1) = (0/3/5) , (p2) =0 .

Then (Weinberg and Hall, Luke and Savage,...)

¢®1 —> Mass generation
9o —> new FC couplings

a {)'lﬁ&
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TOP-CHARM PRODUCTION
ort — cV DECAYS

The FIRST MUON COLLIDER

Some indicative results
My = 300 GeV and R=0.01%

(09 ~ 1 pb)

e 0a=20
i) £L~1032cm—2sec1 — ~ 102 events

i) £L~103%cm—2sec~1 — ~ 104 events

o a=mr/4
i) £~1032cm2sec-! — a few events

i) £~ 103 cm—2sec—! — ~ 102 events

Background : WW production and bb pro-
duction



Detector 8( BackSround

P. Lebrun, R. Roser

~— Lattice work: COSY & MAD.

—— HEP detector stmulation :
MARS and GEANTS3

— HEP “Physics events”
Lund , Pythia ...



RosER
Backgrounds sources

Synchroton radiation:

(small from muons),
from electrons: absorbed by the shield

'E.m. shower occuring close to the detector.
'""'The problem"

Hadrons from photoproduction at high energy.
Only relevant at ~ 2 TeV,

These hadrons generates also tertiary muons at
large radii.

Others, may be !..

Note:

The lattice in itself is, a sense the culprit:
by brmgmg the muons in focus at the LP.,

e ''spray'' the detector, as the electrons do
not have the correct momientum to be kept

in the beam pipe.



TOP QUARK PHYSICS AT THE Muou CoLL2pER
ABOVE THE TRRESHOLD REQro A

PARYE

o CLRECK STAMMARD MODEL CoypPLIAGS
f SSADCH FoOmR AACaM ALOLS (COLPLIANGS

MO HADROAWIRZATTON:! SPIAN PRESGRUED FRaoud
PRODUCTIZOA TO DECAY

- DpobucYIOAS
covprracs 1o X, 2

\7"’ olr , SPA CORRELA Trow S
oleoc ©* ReTweEewW ¢ 1

— DEcAY
dovPLInNGs o I/ Bosow

AMCULAR CorpecatTIoVS of DECAY

PRODUCTS WwWITH sSPIw DIRCCTIOALS
oF ¢ awo I

- SCARCH FoR A€ w PARTICCLES
I PROPUCTIOA/ AND DecAY

(r*f- > M= ¢t&) ({_—, ~ M+ h)



puC: P— =

NLC: P- = P, P+=0

L1 1 I L1 1 I | S . | I | S N | I L1 1

-P+ =P

g 3
L Q°
s ’ ;_‘5 -
2 3 0.9
E e
o ~
B 2 o8
£ =)
A
M
S 0.7
0.0 0.2
P K, - Mg
NL."-”R I/U.OC
| 0-20
030
0-50
A Lzlc&‘\s ‘TnSfS
LR
“ToTAL

oflarwise. Swaa uer,

R

TrTA

0.4 0.6
P

NLe
o
oo
0-S§

- 0-%0

= 0-52

= 0'5%

0.8 1.0

UO/TeTAL
0-69
0%,
0-389
0:95

ot P =1

at \5- =-1



PARKE

"TOP Quarx PATRS ABROVE THE THRES HouD
RECIoN AT Muor/ coctIbDers ARe A

GREAT PLACE ToO SeARCH FOR
AMOumAacovs CouPLINGS oF THE TOP AUADK.

FoR V€ ¢ | Tey TH8 OFF-DIAGomAc RASLS
IS E€AR. SOPERICR To HELICITY RYSES

IV DescRIRING THE ECUENTS I Tderk
SIMPLestT Possraee TERwS.

oLarIaTiend of THE JNUCOATAIQ BeAu S
EvhAances THTS EFFCCT.



GLvous Avo Top  ar /,*}: (oRR)

*No6 ISR QLuews, BUT sTILL HAK PRODPUCT IGAI-
AND  DECAY - sT4GE Ry 014 TIrow:

4 PRoducrana/ -~ DECAY INMTER FERCveCE FOoR,
Eg!pgn A r.'t oR €SS,

= S€wsaTIVITY To0 [

* DIFFJCVLT 70 MEASURE (1) BuT IT
23 WworTHWMILE tookInC FoR

- JAMTERFERENCE EFFECTS
- COnSTSTCUCY



(GLUON RADIATION CoNCLUSION
ORR,
o We need -+o understand Hluon radiatiron
-£0 make sense of top euents, @specially

Lo Mt reconstruction,

® There are no BYnTETcont difrecences ketween
P\*I‘*- ond ecte” machines as far as 3\!0(\

Moadiotion 1g concerned .

* Relatively clean enutronment of lepton

colliders ollows for detatled experimenkol
Studi®S of ACD eyects tn +E phy sTCs
both within SM and bgdmo\.



COMPARILG  miu— AND ere- MACHLAES
INM_ L/ PHYSTICS

- SAME

D) GLvoa/ RADIATXOAN (ouw)

2) t1 THRSSHOLD ~ANWLO (oRBECTIDNG ( HoANS)

2\ 2-¢o0P CORRECTIONS TO
) T Prepuveriess AlWVE THERES NoLD (H'om)

B.EF_Fe REANT

) BEAM EFF€ECTS (RATA)
2) TAXTIAL STATE RADTATIOAs (G6d)  (RAJA)
3) POLARIZATION (PARYE)

(TRADeOFE @eTwWEEN P Apnd t)

) /n"/a"” CoubPrane
P T H > T ol (Reanva)



ConciLysgen/

= MUH ToP QuUARY. PHYSICS pEQuUIRES
HIGH couzmosey

=P MORE (OMPLETE THEORECTICAL CALCULATRAVS
MAY BE ANEEDED TO FuLly REALIZE
PRECI SIOA/ ANCASURE UEATS

—» PoLAR Z2ATTOA
* HELPFuL FoR QLIMINATENG BACKCDOUADS

¢ HELP wIETH TP QUARK SPIN AACHSUREMEVTS
* How DOES P TRADEOFF wirn . (Lvmamoszry)



